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SUMNARY

An investigation was made to determine the tight-
negs, shear strength, tansile strength, and 1ife under
pulsating loeds of hollew, hydraulically expanded
rivets. = Two:- types of 1783~T sluminum-alloy rivets
of 1/8-inch diameter - countersunk-head rivets with a .
24S-T aluminum-alloy insert in the hollow shsnk and
modified-roundhead rivets with no insert - were lnveati-
gated. The teat results Indicate that the countersunk-
head rivets, with 1nserts, hud an average maxlmum load
in shear.more than 150 percent greater then the average
maximum load for the modified-roundhead rlvets, whilch
hed no inserts. The average yleld load for the
countersunk-head rivets, however, was only slightly
more than that for the modiflied-roundhesad rivets. For
modified-roundhead rivets having bores of 0.0£5-inch
or of 0.,100-inch <{lameter, there was no appreclable
difference due to bore dlameter in either the ylseld
load or the maxirum load 1n shear, or in the maximum
tensile load. In tension tesats, both types of rivet
tended to fall: by.pulling the shank end of the rivet
through the sheet, if the hollow langth of the rivet
protruded 0.116 inch or less beyond the sheets. In
the pulsating~load tests, the looseness of the rivets-
apparently induced relatively severe loading conditions.
As a result, the 1life of the Jolnts was very short,

70 cycles or less.

TNTRODUCTION-

‘A number of different types of blind rivet hs&ve
been developed for uss in aircraft. One type for
which data have been lacking is the hydraulically ex-
panded rivet. An investigation was thersfore conduected
at the NACA structures research laboratory to determine
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the tightness, shear strength, tensile strength, and

life under pulsating loads of Joints assembled with

thls type of rivet. The results of this lnvestligation -
are presented herein.

RIVETS AND METHOD OF RIVETING

The rivets were furnished in two types, modified-
roundhead and 100° countersunk-head, as 1llustrated in
figure 1. They were manufactured by drilling out solild
rivets to the desired depth and then rolling in the edges
of the drilled-hole at the head to reduce the slze of the
opening. The depth a of the hole was 0.280 inch for
all rivets; the dlameter b of the hole was 0.100 inch
for the flush rivets and for some of the modifled-roundhead
rivets and 0.085 inch for the other modified-roundhead
rivets. A 2Li8-T aluminum-alloy insert had been pressed
Into the héls 1n sach countersunk-head rivet before the
edge of the hole l1n the head was rolled 1n.

After prevaration by heat treatment, the rivets
were expanded in the rivet holes by use of the equipment
shown in figure 2. 011l was injJected into the cavity in
the rivet from a chamber in the rivet-expanding gun
(flg. 2(a)), which had a hollow cone-pointed tip that
was held firmly agalnst the opening in the rivet head.
Compressed alr at relatively low pressure in a separate
oll contalner:forced the oil through a valve into the
chamber. The valve, normally clcsed agalnst the
pressure necessary to expand the rivet,_ was operated by
a button to allow the oll to enter thechamber and rivet.
The pressure that expanded the rivet was then created by
a plston forced into the chamber when the lever on the
slde of the gun was pressed (fiz. 2(b)). The pressure
exparded tne rivet to form a bulb on the shank end ‘and
to flll1l the hole in the sheets.

TEST SPECIMENS

Each test speclmen consisted of two shesets of
2iS-T gluminum alloy riveted together by 1lpB8-inch-dlame-
ter,hydraulically expanded rivets of 17S-T aluminum
alloy. Two rivets were used for each shear specimen
and each pulsating-loed specimen and one rivet for each
tension specimen. The three types of apeclmen are shown in
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flgure 3 and the dimensions are given in tables I to TII.
The helght -of the.rivet . heads abhove the surface of the
sheet before expansion was varied by varying the depth
of countersink for the countersunk-head-rivet speclmens.
This height hy (flg. 1) was measured with a dial gage
graduated in ten-thousandths of an lnch, as desoribed

in reference 1.

Some of the rivets in the test specimens were
fractured during expansion, the fracture taeking the form
of a single crack in the bulb parallel to the axis of
the rivet.

TEST PROCEDURE

Loads were applied to both shear and tenslon
specimens by means of a hydraulic testing machine ac-
curate to within one-half of 1 psrcent.

The shear specimens were loaded through Templin
grips. Two 18-0ower microscopes with filar micrometers
were used to measure the relative displacement, in the
direction of loading, of the edges of the 3heets opposite
the center of ths riveted joint. soth the displace-
ment uwader losd and the permanent disolacement remaining
after renmcval of load were maasurod for successively
increasing loads until fall-ire ozcurrsed.

The tenslon specimens ware loaded 1ln the speclal
fixtures shewn in figure L. The small rods on each of
the fiztures pess throurh the holes in onse of the sheets
of the t=at.enetlmen and besar against the other sheet,
pushing the sheets of the snecimen apart. only the
maxi~mnm load wd the type of fallure were recorded for
each tencsion test.

The pulsating-load specimens were tested 1in the
machine shcwa In figure 5. This machine produces on
the specimen a pulssating load composed of a mean load
equal. to the weights hung from the lowar end of the
sperlren and an albernasiag load that results from the
vibrasion of the welgrts forted by a vibrator. The
alvsinating 1nad is essamad to very karmonically in the
cane of light Jloints end 1s determined from the weights
hung from ths spssimen and the amplii{ude and frequency
of vitration. In case the rivets do not grip the Joined
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sheets tightly, the alternating load does not vary
harmoniceally end cannot be determined with the
avallable equipment.

All specimens were tested at approximately the
same frequency of vibration, 2700 cycles per minute.
The mean load for the modified-roundhead rivet apecimens
was about 15 pounds per rivet and for the countersunk-
head-rivet specimens about 30 pounds per rivet.

RESULTS AND DISCUSSION

Shear tests.- The results of the shear tests are
presented 1In table I. All countersunk-head~rivet specl-
mens had load-displacement curves similar to the one
shown in figure 6(a). These curves seem to lndicate
that the ezpendlng operation swslled the hollow shank of
the rivet away from the insert, causing the hollow shank
to bear the load until 1t had deflected sufficiently to
make contact wlith ths 1insert. In each case, fallure
was by shear of the rivets on a »nlans Just below the top
of thc Insert. The yleld load was arblitrarlly selected
as the load at which the permanent displacement is l; per-
cent of the rivet dlameter, and no varlation of the yleld
load or of the maximur load was evident with variation
of hy. (See fig. 6(c).)

In the case of the modlfled-roundhead rivets, for
which a typical loed-dlsplacement curve 1s shown in fig-
ure hH(b), fellure was by sheer of the rivets. Fallure
was preceded by a partial collapse of the portion of the
hollow shank 1nslde the sheets, observed to beglin at a
load of 7% to 90 pounds posr rivet. No significant
difference due to bore dlameter was noted 1n elther thel?
yield load or the maximum loed for the modilfied-roundhead
rivets having bores of 0.085-inch or of 0.100-inch
dlameter.

The averagsd maximum load for the countersunk-head
rivets with the 2L8-7 sluminum-alloy inserts was more
then 150 psrcent greater than the average maximum load
for the modified-roundhaad rivets. The average yleld
load f¢r the counteraunk-hsad rlvets, however, was on.y
glightly ralsed over that for the modified-roundhead
rivsts vi . hout inserts.
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Tension tests.-.The results of the tension tests are
presented 1n table IT. Ten of the tension specinens
falled by constriection of the bulb formed on the end of
the shank during expansion, which allowed the rivet to
pull through the hole 1in the sheet. Four speocimens
falled by tension of the hollow portion of the shank
and two specimens falled by a combination of both types
of fallure.

The variation of maximum tensile'load with hb

for the countersunk-head-rivet specimens 1s shown in
figure 7. The decrease of maximum load with increasing
hy, 1s probably due to the decrease in the protruding
hollow length of the rivet. The data indlcate that, for
protruding hollow lengths of 0.116 inch or less, the

bulb on the shank end of the rivet tended to pull through
the she=t before the full tensile strength of the hollow
portion of the rivet shank was developed.

No significant difference due to the bore diameter
was noted 1n the maximum tensile load for the modified-
roundhead rivets with bores of 0.085-inch or of 0.100-inch
diameter,

Pulsating-load tests.- Tha results of the pulsating-
load tests are presented in teble IIT. All specimens
falled by shear of the rivets before the machine had
reached full speed, Apparently the Joints were
sufficlently loose, as indicated by the large dlsplace-
ments of similar Joints under shear load, to 1nduce
lmpact or other relatively severe loading conditions.

As a result, the life of the Joints was 70 cycles or
less.

CONCLUSIONS

The following conclusions concserning the 1/8-fnch-
diameter hydraullcally expanded rivets may be dra
from the results of the tests:

Shesar tests:

(1) For two 0.081-inch-thick sheects of
24S=-T aluminum alloy assembled with two countersunk-
head hydraulically expanded rivets, no variation of
¥ileld load or maximum load was evident with hy.
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(2) 'The average maxlmm load for the
countersunk-head rivets with the 2/;S-T sluminum-alloy
Inserts was mors than 150 percent greater than the average
maximum load for the modifisd-roundhead rivets, which had
ne inserts. The average yleld load for the countersunk-
head rivets was, however, only slightly greater than that
for the modified-roundhesad rivets.

(3) ©No significant difference due to the borse
dlameter was noted 1In either the yleld load or the
maximum load of modified-roundhead rivets having bores
of 0.085- or of 0.100-inch diameter.

Tenslle tests:

(1) The data indlcate that for protruding
hollow lengths of 0.116 inch or less, the bulb on the
shank of the rivet tended to pull through the sheet
before the full tenslle strength of the hollow portion
of the shank was develoned.

- (2) No significant difference due to the bore
dlameter was noted in the maximum tensile load for
modified-roundhead rivets having bores of 0.085-inch or
of 0.100~inch dlemster.

Pulsating-load tests:

(1) 1In the pulsating-load tests, the looseness
of the rivets apnarently induced relatively severe loading
condltions. As a result, the 1li1fe of the jolnts was very
short, 70 cycles or less,

Lengley ¥Wemorial Aeronautical Laboratory,
National Advisory Commlttee for Aeronautlcs,
Langley Fleld, Va. )
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TABLE I.~ DIMENSIONS AND STRENGTH OF SHEAR SPECIMENS

inch; a = 0.28 irio'l"-;] '

N A |
=3
: Load per rivet, 1p
Speci— t, in. ihb, In.}| At permanent displacement of Maxi-
men 0.01d{0.02al0.03¢ 0.0hd mum
(71eld load)
100° countersunk-heed rivet:; b = 0.190 inch
g-1 |) [o.0o11| 26 | 48 | &7 g2 8339
8=2 -,010¢ 51 T 80 67 315
S-ﬁ -.00L ho 2% an 0 5og
- ' .000 { T 2
S5 P0-08141<- .06 g X 6,2 63 gn
S dlsme e 2 |2
S- ] . [»]
s-g 1 .032| 35 Ee 7 Gg z2
Aver- . .
age | et et Rt Snatetn 81.3 319;d
Modifled-roundhead rivets; b = 0.085 inch
8-9 0.0%2] (=mmmnm 3 L3 61 %10
8=-10 .oﬁo ------- a% W 28 5l a10%
Aver-
ago S ICTormyuney (ISP (RoSpny PR 57.5 107.5
Modifled-roundhead rivet; b = 0.100 inch
i
8-11 | 0.0%32} -=-ea- 20 L2 8 68 8129
8-12 032 immmee- 35 59 7 13 12l
s-1 .oaa ------- 12 37 2 62 a1ol
S-1 Olo] —-e—=a 52 71 1 87 8135
8-15 OLo| m-mme- 35 53 62 67 103.
Aver-
age | ==e==f "mecacofeacocdacacaf et 71.0 119.0

&0ne rivet fractured in expansion.
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TABLE IT.- DIVENSTONS AND STRENGTH OF TENSILE SPECIVENS

-1
o= 3

inch; a = 0.28 1nch]

|
Protruding
Specimen| t, in.| hy, in.| hollow ¥axému?b gygf of
: length, 1in. oad, ellure
100° countersunk-head rivet; b = 0.100 inch
-1 | .0.012 0.130 157 (=)
T2 -.010 .128 133 (a)
T3 -.003 121 1 (d)
7=} 0,081 {¢ -002 116 121 (c)
T-5 . .003 115 15% (2)
T .C11 .107 155 (=)
'T—g .015 .103% 116 (=)
T ) | .035 083 Q6 (2)
Modified-roundiesd rivet; b = 0.085 inch
T-9 o.oga ------ 0.126 1hg (c)
T-10 OL0 } -=-e-- .110 1ht ()
T-11 0L | —=ee-- .110 #1283 (s)
Modlifled-roundhead rivet: b = 0.100 inch
T-12 0.032 | =e=m-=w 0.126 817 (d)
T=-1 032 | ~=ee-- .126 a%}l (4)
T-1 .oaa m————— 126 18 (c)
T-1 o) ITo B IR .110 138 (c)
T-1 Oh0 | =emeee .110 130 (e)

8Rivet fractured in exvanslon.
bRivet incompletely expanded.

Cshank pulled through.
dTension fallure of hecllow shanl,

®Combination in wkich shank pulled through and hollow
portion of shank falled 1n tension.
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TABLE IIT.- DIMENSIONS AND NUMBER OF CYCLES REQUIRED

FOR FATILURE OF PULSATING-LOAD SPECIMENS

-3

inch; a = 0.28 1ngh]

Speclmen ty, in. tL, in. h’b’ in. Gggﬁ;r?
220° countersunk-head rivet; b = 0.100 inch
P-1 -0.008 40
P=-2 -.006 20
P- .00 %0
P-E 0.06l 0.081 00 %
P—Z .01 70
P- .01 30
Mc21 iad-voundhead rivet; b = 0.085 inch
P-7 C.2oho0 0.05. |  em——-- 10
E-2 GO D051 | e 30
Weadtled-roundhaund rivety b = V.10D inch
P-% ) [ -=---- 20
P-1) I ------ 20
F-11 . ) J ——— 0
P"'.La OnOLI.O O-Ojl ______ 20
s JN A (A S N (- 30
257 /A [ A A N . 20
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fa) Ingection of o0il into cavity of rivet.

Figure 2.- Hydraulically expanded rivet equipment in use.
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{(b) Expansion of rivet.

'Figure 2.~ Concluded.
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Figure 4. ~ Fixtures and specimen for
rivet tension tests.
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Figure o5.-

Fulsating-load. machine.
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